Over 1.1 billion people in the world lack access to improved drinking water. Diarrhoeal and other waterborne diseases cause an estimated 1.87 million deaths per year. The Safe Water System (SWS) is a household water treatment intervention that reduces diarrhoeal disease incidence among users in developing countries. Turbid waters pose a particular challenge to implementation of SWS programmes; although research shows that a 3.75 mg l 21 sodium hypochlorite dose effectively treats turbid waters, users sometimes object to the strong chlorine taste and prefer to drink water that is more aesthetically pleasing. This study investigated the 
Although small trials of point-of-use chlorination to reduce diarrhoeal disease had been implemented in the past , larger-scale trials began in the 1990s as part of the Pan American Health Organization (PAHO) and the US Centers for Disease Control and Prevention (CDC) response to epidemic cholera in Latin America . The Safe Water System (SWS) strategy devised by CDC and PAHO includes three elements: water treatment with dilute (generally 1.25%) sodium hypochlorite at the point of use, storage of chlorinated water in a safe container, and behaviour change communication to improve hygiene and water and food handling practices.
The sodium hypochlorite solution is packaged in a bottle with directions instructing users to add one full bottle cap (generally 3 ml) of the solution to clear water, or 2 caps to turbid water, in a standard sized (generally 20 l) storage container, agitate, and wait 30 minutes before drinking. doi: 10.2166/wh.2009.210 Source waters treated with one or two full bottle cap(s) receive a dosage of 1.875 or 3.75 mg l 21 sodium hypochlorite, respectively. In six randomized, controlled trials, the SWS has resulted in reductions in diarrhoeal disease incidence ranging from 22 to 84% (Semenza et al. 1998; Quick et al. 1999 Quick et al. , 2002 Reller et al. 2003; Luby et al. 2004; Crump et al. 2005 ).
This well-documented reduction of diarrhoeal disease incidence among SWS users has encouraged non-governmental organizations (NGOs) and governments to broadly disseminate the programme. Since 1998, national, regional and local SWS projects have been implemented with NGO and government partners in over 30 countries. As access to the SWS has expanded in developing countries, where many water sources contain suspended organic material, questions have been raised about: (1) the necessary sodium hypochlorite dosage for turbid waters; (2) user acceptability of treating turbid waters with sodium hypochlorite solution;
and (3) potential locally appropriate mitigation strategies to reduce turbidity and chlorine demand before chlorination.
Sodium hypochlorite dosage in turbid waters
The CDC SWS programme aims for a free chlorine residual of less than 2.0 mg l 21 1 hour after sodium hypochlorite addition and greater than 0.2 mg l 21 24 hours after addition. 
METHODS Setting
This research was conducted in the laboratories of the
Department of Civil and Environmental Engineering at
Lehigh University in Bethlehem, Pennsylvania.
Study design
We analysed turbidity and chlorine demand reduction compared with controls using alum and moringa flocculation before chlorination with a 1.875 and 3.75 mg l 21 sodium hypochlorite dose in waters with turbidity of 10, 30, 70, 100 and 300 NTU (Table 1) .
Turbid waters were created synthetically in the laboratory using surface water and bottom sediments For alum tests, 20 turbid water buckets (four each at 10, 30, 70, 100 and 300 NTU) were prepared ( Alum blocks purchased in the Kisumu market, Kenya, were crushed with a hammer and ground into fine powder using a mortar and pestle. Alum treatment consisted of stirring the appropriate dosage of alum powder into water for 3 minutes with a plastic spoon before letting water settle for 2 hours. After settling, 10 litres of supernatant water from the alum-treated and settled and decanted control buckets were decanted to clean buckets. Care was taken to prevent resuspension of settled solids during decanting.
For moringa testing, 15 turbid water buckets (three each at 10, 30, 70, 100 and 300 NTU) were prepared (Table 1) 
Data analysis
Data were analysed using the Analysis ToolPak in Microsoft
Excel and SAS version 9.1 (SAS Institute, Cary, North Carolina). Free chlorine residuals in treated and untreated waters at each time at each turbidity were compared using the t-test.
RESULTS

Alum dosage testing
Before initiating alum testing, alum dosage testing at 10, 30, 70, 100 and 300 NTU was conducted, with settling and decanting controls (Table 2 ). Settling and decanting alone reduced turbidity by 24.5-68.3% at turbidities 10 -300 NTU. At 10 and 30 NTU, alum was less effective than settling and decanting at reducing turbidity. Increasing dosages were increasingly less effective. At 70, 100, and 
Chlorine demand reduction
Free chlorine residual was monitored for 24 hours after sodium hypochlorite addition in each bucket. A representative example result, depicting free chlorine decay over (Figure 7) . As can be seen in Figures 6 and 7, higher free chlorine residual levels were maintained in waters with higher initial turbidity.
DISCUSSION
Both alum and moringa flocculation effectively reduced turbidity, with a trend of increased percentage reduction at higher initial turbidities. These results indicate that both treatments are appropriate in areas with high turbidity, and are consistent with previous research (Madsen et al. 1987) and standard practice (AWWA 1999). A dosage of 1 g l 21 of alum was established for waters with turbidity $ 70 NTU, which is consistent with established practices for aluminium sulfate (AWWA 1999).
As expected because of its wide usage in water treatment facilities, alum flocculation was an effective mechanism to reduce turbidity and chlorine demand. In this study, the settling and decanting controls were effective at reducing turbidity and chlorine demand compared with chlorination-only controls at 300 NTU.
However, other investigations have documented greater efficacy of settling and decanting alone as a pretreatment mechanism that significantly reduces turbidity and chlorine demand (Kotlarz et al. 2009) . The difference between the two studies is that water was settled for 24 hours in the settling and decanting efficacy study, while settling occurred for only 2 hours in this study. This disparity in efficacy highlights the need to recommend a longer than 2-hour settling time in order for settling and decanting to be fully effective.
Rather than reduce chlorine demand as potentially 
